Pediatric patient weights are commonly used by electronic health records to calculate weight-based medication doses. Patient weights, which are frequently user entered, are susceptible to data entry errors, such as digit omission, addition, or transposition or entry of the right data into the wrong patient's medical record.
Methods | The Institutional Review Board of Cincinnati Children's Hospital Medical Center judged this work to be nonhuman subjects research and provided a waiver of informed consent.
We set out to characterize the frequency of and the risk associated with weight entry errors at our institution. To accomplish this, we developed an electronic trigger tool that was applied to all new weights entered into our electronic health record during the study period to notify members of the study team if a newly entered patient weight varied more than 50% from that patient's last recorded weight, provided the previous entry was within 30 days of the new weight entry. This temporal restriction served 2 purposes. First, it reduced falsepositive alerts by eliminating patients with long gaps between weight measurements who we could reasonably expect would grow more than 50% between weights. Second, this time limit targeted the population we hypothesized to be at highest risk: hospitalized patients who were more likely to have frequent weights entered into our system.
Receipt of this alert then prompted a medical record review of the flagged patient, including past weights, growth chart, medical diagnoses, clinical notes, and other context of the new weight entry in question, followed by determination of the hypothetical cause of the deviant weight entry. Standard causes investigated included common errors, such as digit or unit transposition. Medical records in which more common errors appeared implausible to the reviewer were investigated for other possible sources of the weight entry, such as vital signs or patient equipment noted in proximity to the weight entry. If these values matched or closely matched the entered weight, then the entry was determined to have been errantly transposed in the weight field. In cases in which weight entry errors were identified, follow-up medical record review was performed to determine whether a weight had been corrected and, if so, when this correction occurred in regards to the triggered entry. Other data collected during review included the clinical setting of the weight entry. The χ 2 test was used to determine the variance of weight entry errors between settings.
Results | Between October 24, 2014, and July 18, 2015, 135 alerts fired from 401 029 weight entries ( Table 1) . After medical record review, 135 alerts were determined to be true positives. The 5 false-positive alerts were normally growing infants whose prior weight entry was near the end of our 30-day cutoff. The emergency department had a significantly higher rate of entry errors per weight entry (1.063 errors per 1000 weight entries; P < .001) than other departments, with ambulatory areas having the lowest rate. Table 2 illustrates the frequency of error types noted during medical record review. Most weight entry errors had no clear attribution. Among those with identifiable attribution, pounds/kilograms transposition was most common (68.3%). Eighteen of 130 patients (13.8%) with weight entry errors were hospitalized. Of these 18 patients, 16 had weights that were corrected prior to discharge, with a median (range) time to correction of 2.96 (0-380) hours. Notably, 3 of 16 patients (18.8%) had weight corrections that took longer than 24 hours.
Four of 18 hospitalized patients (22.2%) with errant weights were prescribed 20 medication orders prior to correction of their weights. Of these orders, none were based on weight.
Discussion | Our study demonstrates that weight entry errors are relatively uncommon at our institution, and the period of vul- 
Accuracy of Prefilled "Code Cart" Epinephrine Syringes for Direct Administration of Small Doses
Prefilled syringes offer a convenient way to administer epinephrine to patients experiencing cardiac arrest. Epinephrine is a critical drug that can improve survival in children experiencing cardiac arrest, although very high doses (0.1 mg/kg) of the drug can worsen outcomes. 1,2 One practice for administering epinephrine during pediatric resuscitation is direct administration of a partial volume from commercially available prefilled syringes. We conducted a study examining the accuracy of direct injection of an infant dose (0.05 mg or 0.5 mL) of epinephrine from prefilled epinephrine syringes using the graduated lines on the syringe. We used the recommended dose in the Pediatric Advanced Life Support algorithm (0.01 mg/kg), although the Neonatal Resuscitation Program includes a range of 0.01 mg/kg to 0.03 mg/kg. We hypothesized that direct injection may yield inaccurate doses.
Methods | We evaluated the accuracy of the 2 types of epinephrine 1:10 000, 1 mg per 10 mL prefilled syringes available for purchase in the United States: LifeShield ABBOJECT (Hospira) and Luer-Jet Luer-Lock (International Medication Systems Ltd).
To determine the actual volume expelled when the plunger was depressed to the 0.5-mL mark of the prefilled syringe, we connected the prefilled syringes to a 1-mL syringe via a flushed 3-way stopcock and depressed the plunger on the epinephrine syringes to the 0.5-mL mark. This simulates direct injection from the syringe into an intravenous port followed by a flush, where 100% of the medication enters the patient and none is lost in tubing or intravenous ports. We recorded the volume delivered to the 1-mL syringe, attaching a new 1-mL syringe if volume exceeded 1 mL. We then measured the total volume in the prefilled syringe by expelling the remaining contents. For each test, at least 2 investigators were present (M.H., N.M., and C.E.) to provide dual verification of volumes.
We conducted 2 additional validation tests. First, we tested the volume when the plunger was depressed to the 0.5-mL mark, expelling the medication into a graduated cylinder. Second, we tested the volume using the weight and density of the medication using an Ohaus EX224N precision scale (Ohaus Corporation). We weighed 1 mL of epinephrine 1:10 000 (1.010 g) and 1 mL of water (1.000 g) using the same syringe. We subsequently weighed each dose of epinephrine expelled by the prefilled syringe when the plunger was depressed to the 0.5-mL mark and then calculated the volume using the density. The Oregon Health & Science University institutional review board reviewed the study and found it was not human subjects research. 
